Experimental details:
Materials. Poly(2-vinylpyridine-b-dimethylsiloxane) block copolymer P5321 (P2VP-b-PDMS 16,000-b-10,000 g/mol) was purchased from Polymer Source, Inc., Canada.
Tetraethyl orthosilicate (TEOS), (3- Synthesis of Fe3O4 particles. The magnetite particles were prepared through a solvothermal reaction according to a previous report. [1] Briefly, 2.70 g of FeCl3·6H2O and 7.20 g of sodium acetate were dissolved in 100 mL of ethylene glycol. The obtained homogeneous solution was solvothermally heated at 200 °C for 8 h. The obtained black particles were washed with ethanol and water for 6 times, and then dried at 60 °C under vacuum for 12 h.
Synthesis of Fe3O4@nSiO2@mSiO2 particles.
The core-shell Fe 3 O 4 @nSiO 2 @mSiO2 particles were prepared according to the previously reported method. [2] Briefly, 0.10 g of the previously prepared Fe 3 O 4 particles (~450 nm in diameter) were treated with 0.1 M HCl aqueous solution (50 mL) by ultrasonication for 5 min. The magnetite particles were magnetically separated, washed with DI water, and then homogeneously dispersed in the mixture of ethanol (160 mL), DI water (40 mL) and concentrated ammonia aqueous solution (2.0 mL, 28 wt.%), followed by the addition of TEOS (0.5 mL) to obtain Fe 3 O 4 @nSiO 2 . After stirring at room temperature for 6 h, the Fe 3 O 4 @nSiO 2 particles were separated, washed with ethanol and water, and then re-dispersed in a mixed solution containing CTAB (0.3 g), water (80 mL), concentrated ammonia aqueous solution (1.0 mL, 28 wt.%), and ethanol (60 mL).
The mixed solution was homogenized for 0.5 h to form a uniform dispersion, and then 0.5 mL of TEOS was added dropwise to the dispersion under a continuous stirring. The mixture was left under stirring for 12 h before the product was collected with a magnet and washed repeatedly with ethanol and water to remove nonmagnetic by-products. Finally, the purified particles were dispersed in 60 mL of NH 4 NO 3 in ethanol solution (6.0 g/L) and refluxed at 60 °C for 1 h to extract the CTAB surfactant. [3] This extraction process was repeated three times. After centrifugation, washing with ethanol, and then drying at 60 °C under vacuum for 12 h, the Fe 3 O 4 @nSiO 2 @mSiO2 particles were finally produced.
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Block copolymer (BCP) grafting on the Fe 3 O 4 @nSiO 2 @mSiO 2 particles to prepare the
RMPs. Weighed amount of 0.1 g of the Fe 3 O 4 @nSiO 2 @mSiO 2 particles were immersed in a 1% anhydrous toluene solution (10 mL) of BPS for 20 minutes at 70 °C to functionalize the surface of the particles with bromoalkyl groups via silanization. A short reaction time is favorable for the attachment of the functional group to the external surfaces of the mesoporous silica shell rather than the interior of the mesopores. [4] The silanized particles were washed with toluene and ethanol to remove the unreacted silanes. The BPSfunctionalized particles were then dispersed in 10 mL of 1% solution of block copolymer cm -1 in the FTIR spectra, which is characteristic of the pyridine group of P2VP. [5] Submitted to 5 Figure S3 . TGA curves of Fe 3 O 4 @nSiO 2 @mSiO 2 (red), silanized Fe 3 O 4 @nSiO 2 @mSiO 2 with BPS (blue), and RMPs (black). Legends for Supplementary Information Multimedia Video S1-S3:
Video S1. Controlled movement of a liquid marble placed on water surface under the magnetic field.
Video S2. Rupture of a liquid marble placed on the water surface after the addition of the concentrated HCl.
Video S3. UV-triggered rupture of the liquid marble prepared from the PAG-loaded RMPs.
As a comparison, a liquid marble prepared from the PAG-free RMPs was also placed on the water surface.
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